ABBREVIATIONS CO = cranial orthosis; ODD = oblique diagonal difference; OR = odds ratio; PT = physical therapy; RP = repositioning; SD = standard deviation; SIDS = sudden infant death syndrome. SUBMITTED May 19, 2016 [2008][2009][2010][2011][2012][2013][2014] with the treatment of positional plagiocephaly to explore factors associated with measured improvement. METHODS A retrospective chart review was conducted with risk factors and treatment for positional head shape deformity recorded. Univariate and multivariate analyses were used to assess the impact of these variables on the change in measured oblique diagonal difference (ODD) on head shape surface scanning pre-and posttreatment. RESULTS A total of 991 infants aged less than 1 year were evaluated for cranial positional deformity in a dedicated clinical program. The most common deformity was occipital plagiocephaly (69.5%), followed by occipital brachycephaly (18.4%) or a combination of both deformities (12.1%). Recommended treatment included repositioning (RP), physical therapy (PT) if indicated, or orthotic treatment with a customized cranial orthosis (CO) according to an age-and risk factor-dependent algorithm that the authors developed for this clinic. Of the 991 eligible patients, 884 returned for at least 1 follow-up appointment. A total of 552 patients were followed to completion of their treatment and had a full set of records for analysis: these patients had pre-and posttreatment 2D surface scanner evaluations. The average presenting age was 6.2 months (corrected for prematurity for treatment considerations). Of the 991 patients, 543 (54.8%) had RP or PT as first recommended treatment. Of these 543 patients, 137 (25.2%) transitioned to helmet therapy after the condition did not improve over 4-8 weeks. In the remaining cases, RP/PT had already failed before the patients were seen in this program, and the starting treatment recommendation was CO. At the end of treatment, the measured improvements in ODD were 36.7%, 33.5%, and 15.1% for patients receiving CO, RP/PT/CO, and RP/PT, respectively. Univariate analysis showed that sex, race, insurance, diagnosis, sleep position preference, torticollis history, and multiple gestation were not significantly associated with magnitude of ODD change during treatment. On multivariate analysis, corrected age at presentation and type of treatment received were significantly associated with magnitude of ODD change. Orthotic treatment corresponded with the largest ODD change, while the RP/PT group had the least change in ODD. Earlier age at presentation corresponded with larger ODD change. CONCLUSIONS Earlier age at presentation and type of treatment impact the degree of measured deformational head shape correction in positional plagiocephaly. This retrospective study suggests that treatment with a custom CO can result in more improvement in objective measurements of head shape.
I
n 1992 the American Academy of Pediatrics published recommendations that infants sleep in the supine position to decrease the incidence of sudden infant death syndrome (SIDS). While this has been successful in reducing SIDS, it has also resulted in a substantial increase in the prevalence of positional skull deformity. 15 Positional plagiocephaly and brachycephaly typically are noted at 2-4 months of age and have decreasing prevalence as children grow older. This deformity is most frequently associated with torticollis and thought to be possibly secondary to motor delay. 4, 6, 16 The common positional skull deformation patterns are unilateral occipital flattening of the skull (occipital plagiocephaly) and symmetrical occipital flattening (occipital brachycephaly). Plagiocephaly can have compensatory ipsilateral frontal bossing of the forehead and anterior shift of the ipsilateral ear. 1, 13 Brachycephaly can have compensatory biparietal bossing and occipital lift. 1 The first-line treatment is conservative, 9 utilizing repositioning (RP) maneuvers to alleviate persistent external forces on the affected area, along with physical therapy (PT) to treat torticollis, if present. If there is persistent deformity despite RP, PT, and increasing mobility, cranial orthosis (CO) treatment (also known as helmet therapy) has been recommended. 10 While a variety of devices have been marketed for this application, all have the same basic structure, which is a custom-fit rigid outer shell with an inner foam lining. While exactly how CO treatment improves skull shape is unclear, it is thought that the orthosis redistributes external pressure and also takes advantage of the rapid rate of brain growth in normal infants by leaving room for preferential directed growth on the side of the deformity. Wearing the CO for 23 hours a day is generally recommended. 12, 18 Different treatment algorithms have been reported, though very few have been used in direct comparison.
We report our 7-year institutional experience (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) in the treatment of positional skull deformation at Texas Children's Hospital. Our purpose was 2-fold: to identify relevant factors used to guide treatment recommendations for positional skull deformity and to evaluate the effectiveness of the received treatment using comparisons of pretreatment and posttreatment 2D surface scans. We also describe our treatment algorithm.
Methods
In 2007, the senior author (T.G.L.) established a dedicated clinic for the assessment and treatment of cranial deformity in infants. All healthy infants under the age of 1 year who entered a treatment program for positional cranial deformation (occipital plagiocephaly, occipital brachycephaly, or both) were included in this study. Patients with craniosynostosis, ventriculoperitoneal shunts, severe medical/developmental issues, cephalohematomas, and complex cranial deformities unrelated to positional mechanisms were excluded from the study. Patients who received any orthotic treatment prior to presentation in our clinic were also excluded.
Evaluation
A detailed history was obtained from all patients' families, looking for characteristic symptoms related to cranial deformity, including prenatal constraint symptoms, preferential sleeping positions, use of swaddling, and positioning strategies. All patients were screened for restricted neck movement indicative of torticollis. All patients underwent cranial measurement with a STARscanner (Orthomerica Products Inc.) 3D laser surface scan at presentation and at each follow-up appointment. All scans were performed by a single orthotist (J.B.) with extensive experience using the device. All follow-up studies were performed with the same instrument. Analysis of the data were automated, with output generated via proprietary software from Orthomerica. Level 3 was the slice used for treatment decisions and as the standard measurement for comparison in all patients. This section at Level 3 is defined as onethird of the distance between the base plane and the vertex. The oblique diagonal difference (ODD) and cephalic ratio were recorded. Figure 1 shows an example STAR scan with described measurements. The cephalic ratio is calculated from cranial width divided by cranial anteriorposterior length. Measurements obtained at the initial visit and the last visit were used for the outcome comparisons. Outcomes of interest were surface laser scan measurements with expected improvement in asymmetry of ODD in plagiocephaly to less than 10 mm of difference or in normalization of cephalic ratio in brachycephaly to less than 0.94.
Measurements on laser surface scans were used for definitions in this study: for positional plagiocephaly, an ODD less than 10 mm was considered mild, 10-15 mm moderate, and greater than 15 mm severe. For positional occipital brachycephaly, a cephalic ratio less than 0.95 was considered mild, 0.95-1.0 moderate, and greater than 1.0 severe. Dual diagnosis of plagiocephaly and brachycephaly was defined by measurements in this study for objective measures, though in clinical practice, measurements do not necessarily supersede clinical judgement in clinical practice.
Treatment Algorithm and Rationale
Patients presenting at the younger end of the age spectrum (1-4 months chronological age, adjusted for prematurity) with ODD greater than 10 mm or cephalic ratio greater than 0.95 are recommended RP as first-line management and PT if torticollis is present. Patients are reexamined and re-scanned every 4-6 weeks.
If the head shape deformity does not improve (or if it progresses) with RP with or without PT, a CO is recommended as the next step. If patients present at 4-6 months of age after prior attempts at RP and/or PT without improvement in head shape deformity, with measured deformity in the range described above, a CO is recommended. A typical patient presenting in the 4-6 month age range without an initial course of conservative management would be referred for RP/PT, with recommendation for cranial orthosis if there is no head shape improvement or if the deformity is worse at 4-6 week follow-up. We note clinically that combined deformities of occipital plagiocephaly and occipital brachycephaly have a more severe appearance even though the individual measurements may seem mild.
If patients initially present in the older age range (7-9 months), the time between conservative RP/PT management and prescription of CO therapy may be shortened as the velocity of head circumference growth slows. Depending on other factors, these patients are usually treated with a CO within a shorter timeframe following presentation to clinic. Because our experience has indicated limited benefit to orthotic therapy in infants presenting after 10 months of age, patients at that age of presentation are generally not treated with an orthosis unless special circumstances are present. 15 In our program, CO therapy ends at 12 months of chronological age, adjusted for prematurity. Only 1 helmet is used, unless loss or damage occurs. The final 2D laser surface scanner measurements are taken at the time treatment is completed regardless of patient age.
Statistical Analysis
Multivariate logistic regression was applied to confirm the algorithm of recommended treatment. In addition, a multivariate regression model was used to estimate the effect of presenting patient characteristics and treatment modality on the outcomes of interest. Risk factors with p < 0.2 in univariate analysis were included in multivariate analysis. All statistical analyses were performed with SAS (SAS Institute) and Stata 13.0 (StataCorp). A p value of < 0.05 was considered statistically significant.
Results
For the period between 2007 and 2014, 1299 patients were screened in the Texas Children's Hospital Head Shape Clinic. Figure 2 delineates our study cohort with inclusion and exclusion criteria. Of those 1299 patients, 991 were less than 12 months of age at presentation and had char- acteristic positional deformities with no other exclusion criteria. These 991 patients are summarized in descriptive statistics in Tables 1-3 . The distribution of patients' deformities included occipital plagiocephaly (69.5%), occipital brachycephaly (18.4%), and both (12.1%), as defined above by laser surface measurement for this study. Of the 991 patients with recommended treatment plans, 884 returned for at least 1 follow-up appointment. A total of 552 patients were followed to completion of their recommended treatment and had a full set of records for analysis (Tables 4-5): they underwent final head shape measurement that could be compared with the initial studies.
The patients' average age at presentation was 6.2 months, and 69.3% were male. Obstetric history revealed 84.3% single gestation and 12.0% twin gestation or more, and 17.6% of mothers had a history or symptoms that strongly suggested intrauterine constraint. Of these, uterine constraint factors included breech presentation (3.4%), uterine malformation (12.6%), transverse position (0.6%), and oligohydramnios (0.9%). The patients' birth weight ranged from 1.1 to 11.3 lbs (mean 7.8 lbs, SD 1.7 lbs), and 22.3% had a history of premature birth.
Recommended Treatment
Of the 991 patients in our cohort, 543 patients (54.8%) were initially managed with RP or PT. These patients were, on average, 6.1 months of age (SD 2.1 months). The mean age of patients who were recommended for CO therapy at presentation was 6.4 months (SD 1.5 months). Patients who first had RP/PT without significant improvement and transitioned to CO therapy constituted a minority, totaling 137 patients (mean age 6.2 months, SD 1.7 months) ( Table  2) . Infants who presented with more severe deformity or at older age were more likely to be initially managed with a custom CO (Table 3) .
Outcomes in Head Shape Improvement
Those patients recommended for RP/PT had less deformity at presentation and overall lower initial ODD than those recommended for CO. Of those patients initially treated with RP/PT, those who ended up crossing over to CO therapy had more severe deformity at presentation (Tables 2 and 3 ). For instance, the mean ODD at presentation for positional plagiocephaly patients initially recommended for RP/PT was 10.3 (SD 3.8), while for CO it was 14.0 (SD 3.9) and for those who eventually received CO after RP/PT (RP/PT/CO) it was 14.7 (SD 3.7).
CO therapy was well tolerated; compliance with orthotic helmet use recommendations was reported in 95.2% of cases. Only a small number of patients experienced side effects or complications in CO therapy, such as skin irritation or rash, that required discontinuation of the treatment.
The absolute difference between the first ODD at presentation and the last ODD at conclusion of treatment (ODD change) was examined ( Table 4 ). The absolute percentages of improvement in ODD were 36.7%, 33.5%, and 15.1% for patients who treated with CO, RP/PT/CO, and RP/PT, respectively. Univariate analysis showed that sex, race, insurance, diagnosis, sleep position, torticollis history, and multiple gestation were not significantly associated with magnitude of ODD change during treatment.
The factors identified as significantly associated with magnitude of ODD change included corrected age at presentation and type of treatment received. The CO group had the largest ODD change (5.8 mm difference in mean values, 36.7% ODD change) as compared with the RP/PT group (1.7 mm, 15.1%) or the RP/PT/CO crossover group (4.8 mm, 33.5%). Meanwhile, CO therapy also improved cephalic ratios in positional occipital brachycephaly. Patients receiving CO therapy improved an additional 0.266 in cephalic ratio (difference in mean values before and after treatment) as compared with patients receiving RP or PT. The difference between RP/PT and crossover RP/ PT/CO group in cephalic ratio was small but statistically significant (0.036, p < 0.001) ( Table 5 ).
Discussion
Our retrospective review of the treatment and outcomes of 991 patients with positional skull deformation showed the impact of age and of treatment modality on results.
Age at presentation and severity of deformity play an important role in selection of and response to initial treatment. Similar to previous studies, 3, 8, 12 in this study infants presenting between 4 and 9 months were more likely to be recommended for CO therapy than those presenting younger or older than this age window (age >4-6 months, OR 4.227, p < 0.001; age >6-9 months, OR 4.209, p < 0.001) ( Table 3 ). CO therapy was recommended for 71.7% of our patients in the 4-to 9-month age range, while it was only recommended for 16.6% of patients presenting under the age of 4 months and only 14.3% of patients presenting after 9 months. Patients presenting with a high severity of deformity as measured by different methods in the literature are more likely to undergo orthotic therapy. 7, 19 Our study is consistent with these reports as patients presenting with a large first ODD (OR 1.258, p < 0.001) or high cephalic ratio (OR 1.007, p < 0.001) were more likely to undergo CO therapy.
In support of our treatment algorithm and emphasis on early referral to our head shape evaluation clinic, we show in Table 5 that earlier age at presentation was significantly associated with larger magnitude of improvement in measured outcomes (Table 5) . Our findings agree with prior studies, which call for earlier referrals and CO intervention as a statistically significant marker of overall benefit. 3, 5, 8 Total duration of helmet use has a weaker correlation with overall benefit, which implies that benefit is achieved during rapid growth phases rather than the overall duration of helmet use and underscores the importance of early referral. Our data corroborate these reports in that our patients beginning CO therapy prior to 9 months of age experienced a greater benefit than patients not receiving a custom CO until after 9 months of age (p < 0.001). When comparing the ODD and cephalic ratio improvement among our patient population, the largest changes in results were achieved in cases in which CO therapy was used at some point during clinical management, compared with cases in which RP and PT were used alone. This observation supports the treatment algorithm employed during our study in that it favors the use of CO therapy when indicated and also introduces cranial orthoses at the op- timal time frame to take advantage of the period of rapid head growth to maximize therapeutic benefit. When comparing the factors that ultimately influenced head shape improvement, multivariate regression favored CO therapy versus RP/PT with respect to magnitude of ODD change. Similarly, infants who initially started with RP/PT and then crossed over to CO treatment achieved more improvement in ODD than those treated only with RP/PT.
Other reports have been published detailing the efficacy of CO in the correction of deformational plagiocephaly and brachycephaly, yet there is no definitive body of evidence to support the use of CO therapy as the gold standard. 2, 7, 13, 14, 18 Despite support for the use of cranial orthoses, some studies have compared outcomes of customized CO use versus RP and found minimal differences between cohorts treated with these approaches. 3, 10, 11, 19 Conclusions drawn from these studies also commonly determine that financial burden and lack of proven therapeutic benefit dissuade practitioners from recommending orthotic treatment. For instance, van Wijk et al. 18 published a randomized controlled trial of helmet therapy versus conservative management with the objective of assessing the efficacy of treatment in 84 Dutch infants with positional skull deformation aged 5-6 months. The authors concluded that there was no quantifiable difference in outcomes between helmet therapy and natural history with conservative management. Full correction of head shape asymmetry was achieved in only 26% of the helmet therapy cohort and 23% of the natural course cohort (OR 1.2). This study incorporated restrictive inclusion criteria of age 5-6 months, at least 36 weeks' gestation, and no history of muscular torticollis, craniosynostosis, or dysmorphic features. In- fants categorized as having severe deformity were excluded from the study. The authors used a cutoff of an ODD index of 113%, a calculated ratio based on external caliper measurement. Notably, the external caliper method used for measurement in this study is difficult to standardize, as it is operator dependent and subject to measurement error. Importantly, the study did not use customized CO helmets; instead, the study participants used generic "off-the-shelf" protective helmets without dedicated follow-up of management by experienced orthotists. Steinberg et al. 17 reported on a large experience with 4378 patients with deformational plagiocephaly and brachycephaly. They demonstrated that conservative therapy (RP/PT) is equally effective as use of a customized CO in correcting head shape. The study followed 2847 infants treated conservatively with involvement of specialized physical therapists and 1531 treated with a custom CO (including 521 patients who crossed over from RP/ PT). The patients were observed for as long as 18 months or until correction, defined as an ODD less than 5 mm for plagiocephaly and cephalic ratio less than 0.85 for brachycephaly. Head shape measurements were based on objective laser surface scans performed by an experienced orthotics team. Patient age at enrollment was within the range classically shown to benefit from CO therapy (mean age for RP/PT 5.1 months [SD 2.1 months]; for CO therapy, 7.1 months [SD 3.8 months]). This study not only found RP and PT to be effective (correction in 91.6% of patients treated with RP/PT alone and 95% of patients treated with a helmet), but also demonstrated that a trial of RP/PT can be used as an initial measure for patients before the initiation of treatment with CO with good results (ODD < 5 mm). The authors thus concluded that CO therapy could be delayed to an older age if the patient is first treated with RP/PT. Unlike the authors of the small randomized study from the Netherlands, Steinberg et al. were able to document excellent head shape correction in a vast majority of patients.
Our experience echoes previous reports of improvement in deformational positional plagiocephaly in infants. Patients undergoing RP, PT, and CO therapy all had measured improvement. Patients who crossed over from RP/PT to CO also experienced correction of head shape. Our age range differed from that of the large study mentioned above: patients in our practice were followed until 12 months of age instead of 18 months. In addition, the goal for end of treatment was ODD < 10 mm instead of ODD < 5 mm. Our treatment rationale is that correction or elimination of the underlying deformational forces allows for progression toward continuing improvement. Our experience showed a greater magnitude of improvement in the group receiving CO therapy than in those receiving RP/PT. This effect was observed whether patients crossed over to CO or started with CO. However, it is important to note that our study was retrospective (without controls), describing measured outcomes in a patient population treated under a specific pathway and rationale as described above. Patients were not randomized in this study, and we did not attempt to compare RP/PT to CO. In the treatment algorithm applied over 7 years, CO is a "built-in" treatment option in the setting of lack of improvement in head shape with RP/PT over time.
Strengths and Limitations
Each patient was seen and counseled by a pediatric neurosurgeon on the head shape screening team. In addition to clinical evaluation and judgment about the degree of deformity, we used the surface laser STAR scanner to track objective measurements. These measurements at Level 3 of the scan may sometimes underestimate the deformity seen on clinical examination and thus do not substitute for clinical examination. While the potential limitations of 2D surface scans are recognized, the results do offer the advantage of providing an objective platform for measurement and comparison of results by an individual and with the literature.
The follow-up period for our patients ends at the end of treatment. It is possible that improvement may continue after that time. One would surmise that such improvement would continue in all groups at a similar rate; therefore, the conclusions reached would still be valid in that there would be the same relationship among treatment groups. This reasoning is speculative, however, and future studies with long-term follow up are needed.
This was a retrospective study relying on chart review, and the clinical data are incomplete. Patients were not randomized to treatment; therefore, patient-specific factors and parental preferences may have influenced the treatment decisions. The study was observational in nature and reflects the treatment algorithm developed in our practice. There was no comparison group in this retrospective study. Follow-up was not mandatory for conservatively managed patients with mild deformity, which may have increased the incomplete follow-up in our study. This differential follow-up pattern may be a source of confounding bias. In addition, patients were released from treatment at 12 months of age, so any further improvements in head shape were not measured or captured. While we report that only a small number of patients experienced any complications of CO use such as skin breakdown, we were not able to measure other disadvantages and considerations of CO therapy. The cost of the orthosis itself and related costs, in terms of the families' time and resources for fitting encounters and clinic visits, were not measured in this retrospective study. In addition, the larger philosophical question of the need for treatment of positional plagiocephaly and cranial abnormalities is beyond the scope of this study.
Encouragement to initiate treatment of head shape abnormalities with RP/PT is standard in general pediatric practice. 9 Treatment algorithms specifying the duration of and use of conservative therapy versus cranial orthotic therapy vary in the literature. Our 7-year study offers an algorithm that categorizes treatment based on age at presentation (0-4, >4-6, >6-9, and >9 months) and severity of cranial deformity, informed by the anticipated natural history of cranial growth.
Conclusions
In a 7-year retrospective review of 991 patients evaluated for positional head shape deformity, younger age at presentation for evaluation in our multidisciplinary head shape clinic and use of CO treatment were most predictive of better correction of positional skull deformity.
